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ABSTRACT

This report describes the results of exposurea to H vapor of men
wearig ordinary clothin.Z and unprotected except for masks and, in some
cases, protective shorts, over a wide range of exposure conditions. Various
methods for the evaluation of the results obtained are presented and dis-
cussed.

The severity and locations of burns from a given CT of H vapor

were arkedly'influenced by the temperature of exposure. At low tempera-
tures (70' F.,) active mseat secretion and H vapor burns were predominiut-
ly in the axillary and genital regions. At high temperatures (900 F.),
both sweating and H vapor bur-As were generalized. The threshold tempera-
ture foi generalized mweating, and consequent increas6d susceptibility to
H vapor, was approximately 850 F. for lightly clothed, resting men.
Variation in relative humidity had tho most pronounced effect on suscepti-
bility to H vapor at 850 F.

Conditioning of the men before exposure, either artificially or
because of climatic conditions, had a significant effect on the reactions
produced from exposure to H vapor. Suppression of sw6ating by application f
of alumni chloride -to the axillae prior to exposureo, reduced the severity ,i

of the resultLng H burns. The application of l6i&lin to the skin prior to
exposure had no effect on the resulting H burns, whereas wetting of the skin
with artificial sweat increased the severity of the burns.

The scrotal region was the most vulnerable area of the body to
H vapor and would be the most important area in tho production of casualties,
It was found that ulcerated and crusted lesions of the ponoscrotal region
required from three to four yeeks to heal with t1e mon at bed rest.

IL,
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ThMjODUCTI01

A. Authorization.

1. This work was authorized u.der Project No. 5417/41, "MIaintenance, Bureau
of Ships" dated 16 December 1940. The problems which were propo-cd for
study were given in BuShips letter S-S77-2(Dz), serial 811 of 17 December
1940.

2. Participation of volunteer Naval personnol in tests for the study
of vesicant gasos was approved by the Secretary of the ila-vy (Acting Sec.
Nay. ltr. to OSPLD dated 8 Maay 1942). Performance of such tests at the
Naval Research Laboratory was apr'ved by the Chief of the Bureau of
1Medicin -and Surgery (BDu•od ltr Serial No. 446 X:OA All/El10(430320)(SC)
dated 20 M'arch 194_3).

B. Statement of Problem

3. This investigation w;s. undertaken to determine the effect of H vapor
at different conc6ntrations, and at various conditions of temperature and
relative humidity, on mcn vearing gas maskcs and. oýdinary Clothing. The
results obtained would serve t-;o purposes, namely, a more corplcte oavo-
ledge of'the effects which would be expected fron an H attack in the field,
and also; by corparison with other chamber data, a moro adequate evaluation
of the protection afforded by different types of protectiva'clothing under
diverse conditions. During the course of the investigation, it becmme
evident that it would be worth-w4hile also to determine the extent of sweat-
ing of different areas of the body under various conditions of teneeratturo
and rolativo hunidity eand to correlate the results with those obtained by
exposure to H vapor under the same conditions.

C. KnowM Facts Bearing on the Problem.

4. It has generally been recognized that when men are e:posed to H vapor:

(1) Ordinary clothing offers very little protection;
(a) Increase in CT, by increasingoeithor the concentration of the

agent or the time of exposure, increases the severity of the
skin reaction;

(3) At a given concentration, more severe reactions occur at higher
toeperatures and 2tumiditios# in su~mor, and during exercise;

(I) In any individual' marked differences exist in the suscepti-
bilities of many of the body regions; and

(5) There is also considerable variation in the susceptibilities of
different individuals.

5. Littlo precise infor.ation pertinent to tVe above statements or the
rzchnni-us involved has boon available. However, it is ýuggcstcd in much
of the available literature that, directly or iudircctly, the suscepti-
bility of the skin to H vapor is closely related to the mscating process.

S6. In C.D. (Australia) Report No. 40 dated 22 May 19414, it is stated thaj
rmn exposed in the chamber to H vapor atOCT 150-200, 900 F., and 62-85% RH,
received severe generalized crytheria. The men woro regular clothing and
were sweating profusely during exposure so that th6ir clothing was satura-
ted with sweat. Exposure at similar UTs at 700 F., 66-95% RH, affected

• -1-



mainly the neck, axillae, and scrotum, but two-thirds of the men showed
generalizeý erythema. The skin of these latter men was described as
damp and the clothing as dry. All subjects performed moderate exercise
while in the chamber. The writers concluded that temperature played an
important part iA determining the severity of the lesions but that, within
the range tested, humidity playea no significant role. In CD. (Australia)
Report No. 41, dated 19 May 1944, it is stated that exercise of the subjects,
durinZ field or chamber exposure to H vapor, plays an important part in
incroasing the severity of the lesiot.se

7. Experiments carried out at Porton indicated that the important factor
in iiacreasing the susceptibility is the moisture present on the skin sur-
face, but no correlation was found between skin to-perature and physiologi-
cal effects.

8. By means ot exposires of human forearms on the vapor train at UCTL,
Dr. Simon Black, et al, have demonstrated that H vapor in moist air caused
much more severe reactions than H vapor in dry air at any given CT. ' Sweat-
ing sdin was found to be eom=vhat more suscep+ "blo than non-swcating, but
the difference was slight compared to the increased susceptibility wh6n
the H vapor was in moist air rather than in d_7 (OSRD Report No. 3944,
dated 30 August 1944).

9. In C.D.R.E. (India) Report No. 285, dated 29 November 1944, it is re-
portod'that two men, wearing tropical battlodross suits and CC-2 iurprognated
shorts, were exposed iA a chlibor to H vapor at an integrated CT of 750
(T=I6 minutes), 870 F., and 84% RH. The men ruho had been exercising so
that their clothing was sweat-.saturatod at the time of entry into the cham-
ber, sustained generalized second degree burns with edema and vosication
and were both inco pablo of further military duties for four hours to four-
teen days after exposure.

10. At the University of Chicago Toxicity Laboratory, studios have been
made 'f the vesic6ncy of M13 smokes on the foroarm held in the wind tunnel
(NDRC, Division 9, Informal Monthly Progress Report No* 9-4-1-23 datod
10 Docomber 1944). 6ince active secretion of swoit lowers electrical re-
sistanco of the skin, skin resistance measurements wore takon. "In any
single run it was possible to predict which man would develop more sovoro
reactions on the basis of skin rosistanco moasuremonts. The prodiotion=
are much loss reliable between runs and do not appear to be useful between
profusely mseating observers and those at the incipient sweating level."

11. In Porton 1601 A(V?1358) dated 7 February 1945, chonber tests on rest-
ing mnn (presmmably not showing goneralized sweating) at even highxr CTs
(CT 1190 (T-85 minutes), 58* F,, 5V. RE and CT 1860 (To 60 minutes, 47" F.,
57% RH] "aro retorted. Intense reactions wore observed on the necks and
axillao, and edema and vesication of the penis ocourred in most of the non.
Reactions on the rest of the body were zich mild6r. Similar results wore
obtainod with CT 1170 (T- 6 1/2 Minutes), 580 F., 59 RH, and it was con-
eluded "that the rule CTuOonctant had boon demonstratod with sufficient
acouracy" fbr men wearing plain clothing.

- a *-



12. In OSRD Report No, 5169, "Observations on tli Role of Water in the
Susceptibility of Human Skin to Vesicant Vaporb", dated 12 April 1945,
Renshaw has roviowed the litcrature portinor.t to the mechanis by which
sweating skin is more susceptible to H vapor and has po rforaed so=e
original experiments. He found that the skin of the arms of men ivio
wore notvisibly sweating suffered a greater injury from H vapor (applied
by vapor cups) if the skin were wet with a film of distilled water at the
time of vapor exposure than if the skin were "unwotted" or "dry". In-
creasod susceptibility was not observed if the vettod skin wore allowed
to dry before exposure to H vapor. Wetting the skin after H vapor expo-
sure did "not markedly influcnoe the severity of the injuries which sub-
sequontly dovelopod". No marecd difforenco was fouad if the skin wro
wetted with 4%. ITaCl instoed of distillod water. It, was concluded that
the prf'scnce of -rater on and iL the surface layers is, to a considorabl6
degree; rosponsiblo for tho well knomv, heightenod susceptibility of hot,
sweating skin to H vapor.

13P Receit man-charnber tests conducted by Lt. Comdr. J. F. Troxel, IAC.
USN(Rot.), at TJCTL (Informal Report Noe. 1.S. 1, dated 15 April IS45),
which ar6 espocially signifcoant because of the large'numbors of subjects
employed, demonstrated thant at any givon temperature; an increase in re-
lativo humidit'y resulted in an increased severity of reaction to U vapor
at CT 100. Conversely, at any constant relative hiumdity; a rise in toen.
poraturo also resulted ir. an increased sevority. The grcatost increase in
severity for a 108 F. rise in tcnporature occurred between 800 F. and 900 F.

1. Theoretical Considerations

146 Recording and evwluation of data. Almost every group studying the
effects of v6siouts on'human volunteers employs a different system of
nomenclature, recording, 6nd evaluation of data. While a more uniform
mothod would be desirable, it is'also evident that particular ;roblems
involve differont considerations, e.g. studies on uiproteetod non as
compared with those in Which protective clothing is worn and studies oa
small skin areas as cozpared with those in which total man exposure is
employed.

1-5. This problem has boon cogently discussed 6y the Physiology Section of
A.F*E.S. under Lt. Cole F. Gorrill in Phys/C/5, an int'rim discussion "on
Reporting ResuIlts of HtunA Exposure to Vesica=t Vapor", dated 25 January
1945. In this discussion, it is recommended that the body surface be
divided into a. given nmibcr of ntomical regions and scoring be donoe 1n.
th. basis of maximum lesion sustained by the subject in any given area:
irrespective of the tine at which it occurs

16, In C.D. Australia 55, by Lt, Sinclair datcd l8 October 194-4, theeffects under tropical conditions of H valor from CT 50 to 765 on 98 mon
'Under varyin conditions of exposure times temperatures, and FE have boon '

.considered. Losio= for each area have boon evaluated by & coofficient
which combines incidence and severity (nzmbor of non affectod in that
region'x the mcan rcore por lesion). This method was used for a give=n
rogion, but was not used to assess the total sovority of reaction of a
group of mon under specific conditions of toeporature and flu.

~ a
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17. A siLilar system has been in use at ITRL which combines incidence and
severity for a ragion. The average srum cf this product for all the
regions represents the total daage index for a given set of conditions.

0 Recently it has been fo,nd desirable to increase the number of body sub-
divisions described in taking readings although these may be condensed
later to facilitate conparison w~th older data.

18. The index for a given region should probably take the following
factors into account:

(1) Intensity of reaction
(2) Area of skin represented by a region
(3) Casualty effect
(4) Regional tusceptibility
(5) Individual variation

19. Intensity of reaction. The scale of readings used at this Laboratory
has developed gradually and while the terminology is somewhat clumsy, it
has been found satisfactory for subsequent translation into miimorical
values. Since most of the studies in this report involve no damage greater
than a severe erythbma 'except for the axillae and genital region) it is
evident that the description of severity is quite different than for the

more severo effects observed by the Australian group. It would be ideal
to incorporat. the time to reach maxim= severity and tho healing time
into an index, but the complexity introduced indicates it is better to
treat those factors descriptively.

20, Area of skin represented by a region. It is well kno-vn that tho

total skin aroa involved is highly important in thermal burns (and probably
for chemical burns) in determining the degree of shock produced. The
striking differences in area involved in reactions to mustard vapor at
high and low temperatures made it evident that it would be desirable (for
special studies) to introduce a factor weighting areas so that regions of
totally different areas like the thigh and axilla would not be weighted
equally iii the index. The factors used in the present report are highly
arbitrary, but have been helpful in exprosslIng the area offecto It is
felt that the maxi== reading for aey area is adequate and that it would
be impractical to attempt to delimit the readings any further*

S21. Carnalty effect. Casualty effect would be a desirable and most
practical factor in an index. It has been impossible to evaluate this in
the presenat work except on a descriptive basis. 'Most of the experiments
in this series did not result in true casualties, except those wich
caused lesions of the axillae and scrotum which will be discussed below.
Outstanding studios in the evaluation of casualties with great practical
im3,ortance have boon carried out by the Australian group.

22. Regional susceptibility. It would be ideal if th.z threshold CT re-
quired -o produce erythcma and vcsication were "ocuratoly knov• for each
region undor a given sot of conditions. It would be of interest to know
if the ratio of crythoma level to vosication level is constant for differ-
ont regions. Adequate data are not awvailablo to ascertain this,

: 2! / -



23. Individual variation. A simple test to predict how a given individual
will react to H vapor has not been developed. The influence of this
variable must still be minimized by using as many men as possible in each
test.

E. Previousi Work Done at this Laboratory.

24. NRL Report No. P-2208 dated 22 December 1943 contains a description of

the design and operation of a, chaniber for exposing hu-man subjects to known
concentrations of H vapor under c6ntrolled conditions of temperature and
humidity. fML letters to BuShips, C-t77-2(459-WFC), 0-459-604 dated 20
October 154_ and C-S77-2(459-_uC/Jii), C-459-119/45 dated 10 Mirch 1945,
include a preliminary report on the effects of CT, temperatures and relative
humidity on the reactions of men'expose& to H vapor when wearing ordinary
clothing. In the present report, a-Ll the basic tests with H vapor carried
out at this Laboratory to May 194., are smmiarized.

EXPERieTAL PART

Part I - Procedure.

A. Basic Tests with H Vapor.

25, Basic tests, as defined at this Laboratory, are tests with vesicant
vapors carried out on men woAring ordinary clothing and unprotected except
for masks and, in somo cases, protective shorts.

(1) General Procedure for Basic Tests.

26. Test su.bjects The men used in theso tests were volunteer Naval per-
sonnel from USNTC, Bainbridge, Maryland# and were usually soemen second
class, from eighteen to twenty years of ago who had just completed their
"boot" training& Most of their hmeos'wcro in the Atlantic Seaboard Stmtes,
both north and south of Washington, Do C. All =on received a routine
physical and laboratory examimation (blood and urine) and only those
approved by a medical officer participated in the experiments. *At the end
of the tests, the mon were granted special leave end an entry was made in
their service rocorde attesting their atto- dnoo at this activity. Rooent-
ly, authorization has been grantod for the co~manding officer to give com-
xendatUon to especially doserving individuals.

27, Clothing. During chaobor exposure, the non wore stuAdard issue skivvy
shirts and Nainsook* shorts, watch caps, blue denin shirts, dungaree pants,
standard socks and shoes. Shirt collars were buttoned and shirt sleeves
wore buttonoe at the wrist. All mon wore ND Mark Ill or IV masks. In some
of the tests; the Nainsook shorts wore"replaced by CO-Zi irpregnatod shorts.
Those latter wore of the rib-cmit typo, impregnatod by the aquoouz procoss,
and contained about 0,5 mg. Cl4r/cm2 , In all tests since I January 1945, the
nen have worn suspenders made of carbon coated cloth (August model). The

protection afforded by those suspenders causes a subjacent aroe of relative-
ly normal skin which _ontrasts with the erythematous areas and facilitates
observations (Fig* 35, Plato 10). Subjects dressed for a basic test are
illustrated in Fig* I# ?Into I*



28. Tho cihsmer, -hw ler has been described in detail in lruL Report
No. f Bricf it is 10 feet by 15 foot by 12. foot high and has a
volvw of 1800 it.1 3  It is 6perated as a static chao-bor, no air boing
passed through during a test, but the air present is kept in motion
(average velocity = 2.0 m.p.h.) by suitable fans.

29. Concentration of agent. Volatiliz ;d redistilled thiodiglycol mustard
was introduced into the chamber as needed to establish and naintain the do-
sired conccntrrtion on the basis of N'orthrop titrimoter analyses (brorine
method) which w.ro made every five minutes. The average concentrations of
H vapor in thia series of tests varied from 1.67 to 11.7 nicrograme 11/litor.

30. Tino of eC"osuo,9 All 1..s;c tets were sin-le exposureŽ tects. In all
cases the time of exposure wý._ 60 (+ 2) ir:inutes except the tnvo tests at CT

50 in which the exposure tirm; ras thirty minutes.

31. CT. CT represents the product of the concentration of 'he agent and
the time of exposure; and vwhere the units are not expressed, is understood
to be in. microgram minutes per liter. In this series of tests, the CT em-
ployed was varied from 50 to 700. A complete list of t14Te CTs is present-
ed in Table III,

32. Temperature and relativ6 humidity (RH). The chamber temperature was
elevated by electric heaters, and was lowered by means of ice. Humidifica-
tion was accomplished by the introduction of steam; dehumidification, by
the use of ice. Both temperature and humidity were regulated and recorded
by a two-point Brow.n recording controlling potentiomotcr which operated
through wet and dry bulb thermocouples. All temperatures given are dry
bulb temperatures of the ambient air expressed in degrees Faheonheit;
Measurements of radiant energy effects have not boon made.

33. Activity in the chamber. The men stood at 6ase in the chamber, but
weoe required to change positions about every five minutes. No tes'.-s on
the effects of exercise during chamber exposure are included in this series.

34. Activity before and after chanber oxposure. In general, before and
after chamber exposure, the men led a relatively sedentary existence with
occasional mild, athletics. In none of the tests in this series were the
men assigned to strenuous vork after chamber exposure.

350 Season and climate. The majority of the tests were porformed as
list6d Im Table III (Page 13), when the weather was relatively cool. Tests
2, 4, 8, 13 afid 16 were carried out wider the hot stimx r weather conditions
of Washington, Do C. The ihember exposures wore usually performed between
the hours of 1000 and 1500, i.ec, during the waumer part of the day. nhen
the weather was fair, the men were allowed to be out of doorh before and
after chamber tests; when the weather was cold or inclement, the men woreIkept indoors at the conditions prevailing in the Laboratory.

36. Daily readings and the recordin of' data, The men were inspected dailyby a medical officer for four to eight days or longer after exposure. To

facilitate recording and subsoquont use of data, subdivisions of the body
surface were listed as ordinates on graph papor (ono-quartcr inch squares)
and daily intensity readings for these areas 'cro recorded as abscissaoe A
list of the body regions is given i Table I (page 10).



37. Photograh_,. Kodachro-as vwre taken of my of the groups of mn
used in the basic tests. Those wore usually taken on the fourth d&ý afty r
exposure; subsequent pictires wore taken whon deemed necezsary. Moie
satisfactory pictt-• i-PrA * 2ed after the skin hSa strrted to pifrnt
since mild degrees V, e• dd not show enough conTraet on the picturoe
It must be emphasized that kodacnromes nlono are not adeqluato records and
that the daily readings are a more roliable reference for following the N
intensity of reaction. Inadequate illtziination nziy lead to vndar-exposure
of certain skin areas with a resultant app arot orther oia- which is ru crtae-
f£ct. The prints which are included in the appendix vcre prepared by the
Anz co "Printon" process. Th larger •cnc vrere prpepred from 4 x a inch
transparexcies; the maller, fr=L 35 rn. transparennies.

(2) Soecial Basic Tests.

38. Effect of envirer=nental temnera'ý_-e inncdiatclprior to ctnbor
O)Croour__o. Lurinc- the siz.-or, the =ex. were r ecessarily vrarn and often
ave•ating, at ilia time of entry into the c~hwnbor. When the weather was
cool or cold, the m~en wore usually indoors at a eomfortabla rowi.• temoera-

turc for one to two lrurs (or more) prior to exposure, Tests 24 and 23
(Table III) were carrind out. to'see if pricooling had anuy effect on t~ho

reactions from chamber exposure. Five men w6re oxporod nude to a tempor-
ature of 550 to 600 Ft' approximately 65/ RH, for over two hours prior to
entering the che:bor. Five other men remained cl6thed and at a comfortable
room temperature, approximately 75' F. and 50Y/P RH, tor a similar period
before oxposureo Both groups donned fresh clothing, including CC-.2 in-
progZated shorts. and w6ro oxposed in the charbor simualtanoously to H1 vapor at CT 300. 900 F., 65. RH.

39. Use of altrinuz chloride. To suppress axillary ,-eating, in Test 28
(Table Ili); a ý'2 aqueous solution of aluminum chloride was applied with
a cotton pledget once daily to the loft axilla. of each man in the group
for three successive days before he entered the chaobere

40. Use of lanolin. Since H is lipoid soluble, it was considered possible

that tho presence of sebum on the surface of the skin mig= t influence the
susceptibility of the skin to U vapor. To simulate sobum, lanolin (hydrated
approximately 5C%) vns used, A thin film was applied shortly before entry
to the chamber over'an a.rea of about thirty square centimeters on'the fore-
arm, posterior ne6k, and fostorior shoulder of the men in Test 28, who were
exposed to CT 500, 70 F., 1'481 RH. In a l1ter test (Test 24), in which the
men wer6 exposed to CT 300,890' F., 65% RH,'lanolin was applied to the
forearm, posterior shoulder, posterior nook, and loft axalla. 1No man took
showors for at least four hours after exposure in the tests in which lano-
lun was used.

41. Artificial wotting of the skin. On the basis of Dro-Renshawts ,n-

formal report on tio effects of H vapor on simulated wet, sweating skin,
the following experiment was performed. Standard skivvy shirts were
treated with paraffin wax so that a waxed strip about two inches wide ex-
tended vertically the length of the shirt in the midlino front and r6ar.

[I



One-half oa' the shirt wa.; thoroughly moistened with artificial svvat,*
the other half vius left dry. These skivzies wore then donned by six men
who also wore denim shirts rad the usual clothing for basic tests (includ-
ing CC-2 impregnated rherts). The environrental temperature was suffic-
iently low so that the mein did not show Generalized sweating prior to en-
try into the c~ambor. Those nen-s•ating men woro exposed to H vapor at
CT 300, 70c F,, 457 RH on 2 April 1?,5.

(3) Ev'luation of Data.

Si 42. Since it is Lmý-r~atical to present a dotei'cd description of each
subject in evory test, an attcmpt has boen rzmo to present the data qunnti-

A •tativoly so that the results may be roro readily visualized. Each degree
of roection was givox an arbitrary ntorcc. valuo as follows-

0 -0 no reaction
1 a mil d erythoma
2 mordorato crythbma

W - intense erthozi
4 -a.. Erythbc --,a with edema

b e Vaccration of axillary skin
c. Dry scaling of scrotum5-a* Vesicle

b. Numerous pinpoint vosicles
cv CrustinC or ulceration of

scrotum or axilla.

S43. From those numerical valuos, three quantitative methods of treating
Sdata wore devised which are considered in this report; (1) Maxi==

* sosvrity; (2) Total damago index; 'nd (3) Porcontago"of oxposod arem
affected. Spocial oases, such as losions of the scrotum, are disoussod
separately.

. --- 000---

FOOTNOTE:

; The synthetic sweat solution was prepared according to ra formula sup-*

plied by Dr. Dana Burks and is approximately five times as concentrated as
that conrotcd by the glands.

Constituent Concentration
rmseor co°/•O0 Co.

"Sodium chloride 3c65
- Ammnium acetate 0.33

- Urea 0,47
Doxtroso 01.0o
Potassium chlorido 0,48

* Magne sium chlorido 0436
"Potassium dihydrogon phosphato 0.04C
Caloi=ini oarbonato 0.065
Lactic acid (85%) 9o.

Five drops each of formic aoid, aceotic acids butyrio acid, propionlc void,
zothi'Jamino and trimothylanin.



S44. t x:- severity. This method has been used at this Laboratory and
rhas boon described in previous letter reports (YRL letter C-S77-2(459-ImC)
C-159-604 dated 20 October 1944). The average maximum severity recorded
over a period of iovoral days after exposure, regardless of the region of

f the body affected, was taken to represent tho effect of the agent on the
body under a givon sot of conditions. A satisfactory relationship between
CT and intonsity of reaction could be demonstrated using thi. ncthod as
long as all touts vwero conducted at 900 Fe, 5/% RH. However, when the
toporaturo and RH wore vrxicdd it was found that the n xi=um severity
method =.s no longer cTpliczblo since Mn'nwith an obvious difference in
reaction to'the ageit night, nevertheless, have the sarao :nxinma roadinge
For oxaplic, uno =-, night have as a maxinum reading an intense orythona
of the axillo vith essentially no burns elsewhere and another man might
have an intense oryt1oma over nest of his body. By the maximum severity
method of evaluation, both men would be cIMSL Lfied as the same. Figure 4,
Plato 3 gives an illustration of this since thi men vho do not tuhovr general-
izod erythoem did have intense orythoma of the axillaos.

45. Total damro indox. Since it was observed that often men exposed to
R vapor at various conditions of temperature and PH differed in their re-
actions maiAly in the areas of skin affected rather than in the intonsitios
of reaction, and since it is common knowlodgn that the total area of skin
affected is a&hig&ly important factor in determining mystemic roactionis to
thermal burns, it was felt desirable to obtain an approximation of tUe
percentage represented by a given body region of the total area exposed in
a test. In order to facilitate use of older data, the areas were combined
in the manner shown in Table I. These areas were then marked off with ink
in arbitrary fashion on ton men of various woights and statures. The
regions were measured and their areas were oalculatod according to the
simplest geometric form ropreoentod. Their sums represent the total area
cousidorod in the basio tests, and each region has boon represented as am
percentage of this wua. These percentages are called "area fact6rs" and
are listed in Table I. It is of interest that for any givon man, this sum
represents 73 + % of his theoretical total body area as o6btainod from
standard heigt-vweight unomgra=. Although these area factors represent
only a crude approximation and are highly arbitrary, it is felt that they
are useful in evaluating the data obtained from the basic tests.

46. In calculating the total damago index, the intensity scale mentioned
in paragraph 42 was used* Tho intensity factor for a given area in a
test represented the average naxizn= reading for that area for that group
of men. The product of the ,ntonslty factor and the area factor described

above gives the t,tal damage for that area for the group under consideration.
be Gum of these products for theo-ighteen areas considered represents the

I total damage index. An oxanmple of the method employed is given in Appendix
B. In order to compare data on men vho Wore protootive shorts with data
on those who did not, it was neooesary to subtract from the final index the
figures for those areas on the u=protecto1 en which wuld have boon cover-
od bad shorts beer- worng



TABLE I

Body Re.ions Described in Daily Redine

"#Aroe Factor"
Percentage of totna

Summarized exposed skin repro-

Completo List Abbreviation List sontod by each rerion*

Anterior neck WIG no
Posterior neck p=o no

Lateral neck Ino

Anterior shoulder ash
Posterior shoulder psh

Anterior axillary fold =f 2,8%
Axillao ax

Posterior axillary fold raf

Soapulae so 3.3%
7th oervical vertebrae 07

Vontral thorax Tth ith 6.0%

Lateral thorax ith dth .35%

Dorsal thorax dth dth 5.3%

Upper abdomen uab
Lower abdoen lob abd 11.1%
iliac il i

Lumbar m

In&Ui~ l region n. n 2.1%

Penis pen pen 1.1%

Scrot= *cr vor l.1%

Buttocks bt bt 6.5%

Axtorior V=ms Qa=

Forearms fa or 14,6%Posterior o=m par

Elbows el.

Clubtal fossaO of of 0.9%

Dorsol hands and wrists wr r 1.4%

Anterior thishs ath"

o ku tthi 2.4%

Posterior thighs pthi

Popliteal fosao pop pop 1.7%

Anterior log lao 7.7%

Posterior log plo
99.9%

B Spe paragraph 45.



47. Percentage of exposed area affected. This expression was developed \,

prim5arily to emphasize the differenco between oxposures at high and low
temperatures. The nmber of man in any ono group showing a moderate
crythoma* or greater on any particular area was multiplied by the corros-
pending area factor. The san of theso products for the eighteen areas
divided by the nubor of men in the group for any given test representsI the average percentage of the total skin surface exposed showing moderate
orythema or worse. This expression likewise must be corrected for compari-
son with those groups which did not wear protective shorts. It should bo
omphaoized that sinco tho area covered by the shorts represents abozt 11%
of the oxposod surface, the maxl== figure possible after correction is
89% and not 0C% ' .;a exmple of the mothod eployod in this calculation
is Given in Appendix C,

Be Sweat Testst

48. The starch-iodine method of Minor was used to demonstrate sweating atthe various conditions of temperature ana relative humidity used'in the .

I• ~~rasks and remained in the c~amber for one hour at the proscribed conditions* .....

If sweat secretion occurred, the starch and iodine dissolved and reacted,
changing color of the skin from a liegt brown to a dark purple. Except for
the absence of H vapor in the chamber, the test conditions were identical
with those of the basic tests aescribed above. Sinco the men wore dungarees
during the exposure to H vaporit was considered a more comparable test to
have them wear dungareos for the sweat toet# although clothing did tend to
rub off some of the starch-iodino cmplex, ospocially at the pressure points,
ar:i make the subsoquont photographs less spectacular. It should be mentioned
that this starchs-iodino =ixturo washes off readily with soap and water and
causes no inconvenience except for a temporary sartig, of the scrotum at
th, time of application of the iodine. No cases of hypersensitivity to iodina
were observed* Each Group consisted of ten men and the tests performed are
listed in Table nI*

TABLE X%

Sweat Tests Performed

or Date Tempo raturo EH Swoating**II 2/5/45 700 F. 61% Minimal 1
I 2/5/45790 FO 80/1inia.

I2/6/45 850 Fe 361, Mininal
-1 2/6/45 8S5 FO 75% Moderate
1 2/7/45 970 r, 42% Pro-'use
1 II 2/7/45 62%0 Profuse

* Burns of moderate erythoma or groator were used in the calculations since
it was considered that they represent significanb H burns whereas readings

K of mild orythema may not always be due to H and their use would detract
rather than add to the aigni± caneo of the results.

On body regions otbar tha willary an genitra.

' ' ' • 0 11 z I I I I •



P n Rm... LIBRARY
As Basic Tests with H Vapor. WAVAI

(1) Introductor- Remarks.

49. Iý view of the nm=ber of men involved in the tests described in this
report, it is impra.tical to give a det.iled description of each case
history, Therefore, the data are presefited in tabular form and the results
are described in a generalized manner. Sum~nrized data are presented in
Table III in which are listed the basic testi performnd wnd th6 average
maximum intensities of reaction for the neck, axillae, scrotum, and'.tho
rest of the body. More detailed data are given in the following tables
in the Appendix:

(1) In table VI are presented the maxi== regional readings for
individual subjects basce on the numerical' system described
previously& Also included are the average, minum, and
=-xm= days roequired for tho lesions to reach 'exim= average
inthnsities for the different regions for each -:ou ot mo*.
In sovoro burns, the days tabulated do not always givo a con-
cise improesion of the maximum severity since; for exahloe
a lesion mieht be recorded as a 6 (vosiootion, crusting, or
ulceration) on the fourth day, but develop in size or depth
for several days following. The method may also give an im-
pression Qf groater severity than really existed; for exazplo,

a lesion =y be recorded as a , "a only one day and the orythoma
theroeafter =,y fade to a I or a l by the next day. Such a lesion
is cortainly less severe than one which remains of 3 intensity
for sevoral days in succoseion. In spito of those minor occasion-
al fallacios. the method usually loads to a fairly accurate es-
timato of tho severity of skin dae.o.

(2) In Table VII are listed the =~mbor of men in each test showing
zoad= regional readings of a given intensity and includes the
average regional intensities*

(3) In Table VIII are listed the damg•e idlioes for each area eai
the total damage indices for the various tests.

(4) In Table IX are listed the "Area Factor" times the vm.bor of men
in each roup showing moderate erjthemm or worse for each area

and the average percentages of skin area showing moderate oryvtza
or worse in each test.

(2) General De scription.

50. dinco the icaotions to A vapor of the Ceneral body s'iiface (rest of
F bodo) the neck, the oxillawe, ad the scrohmi (=d penis), were quite differ.-

ont, the descriptive presentation of the results is facilitcated by consider-.
Ing thox separately.

-12-
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TABLE III
Basio Tests Perfor=d

Average IMaxim
Reoaction IntensityS~Re st

Toot Tempo RE H?0 N~o*es
No Dote CT =7F. Mon Nook Axilla. Ser of body

1 3/28/44 50 90 65 22 6 0.3 0.0 0.0 0.1
2 7/25/44 50 90 65 22 5 1.2 0.6 0.2 0.5

F 3/30/44 100 90 65 22 6 1.2 Ova 1.2. 0.7
4 7/25/44 100 90 65 22 5 1.6 i98 018 0.9
5 1/25/45 100 100 35 16 6 1.5 0,2 1.3 0.6
6 1/25/45 100 100 67 30 6 1,5 0.0 0.3 0.6

7 4/ 4/44 150 90 65 22 10 2,0 0.2 0.3 0.7
8 7/26/44 150 90 65 22 6 3.0 3.0 2.2 2.1

9 11/20/44 200 70 53 10 7 1.0 1,4 0.4 0.3
10 1/23/45 200 80 46 12 6 1.7 0.5 1.5 0.5
11 1/23/45 200 80 86 22 5 1.6 0.4 0.0 0.4
12 4/11/44 200 90 65 22 10 2,2 1.3 241 1.2,
13 7/27/44 200 90 65 22 6 4.0 2.8 3.2 2.4
14 1/27/45 200 100 66. 30 4 4.0 2.8 4.8 .247

15 4A/;-22/44 250 90 1S5 22 15 2.4 2.0 3.2 1.6
16 7/28/44 250 90 65 22. 6 4.2 30.2 3.7 2.8

17 11/28/44 30Q 70 60 11 6 1.7 2.8 2.0 0.7
18 1/24/45 300 80 85 21 4 3.0 243 0.0 1.2
19 2/28/45 300 85 36 10 8- 1.5 2.3 * 0.6
20 228/45 (300 85 77 22 8 2.8 2.3 * 1,8
21 3•O/45 3.00 9G1  7 13 . 7 3.0 3,0 * 1.8
22 4/24/44 500 •0 65 22 " 5 ** 244 * .2.2
2Z 11/2;8/4,4 300 90 65 22 6 3.3 U,0 , 2.4
24 3/22/45 300 90 65 22 5 5.4 3.0 * 2.9
25*** 3/22/45 300 90 65 22 5 2.8 2.0 * 2.0I 26 12/ 1/4 400 70 62 11 .6 2.2 3.2 2.5 1.2

27 1/9/45 500 60 60 8 8 2.9 3.8 4.6 1.5
28 1/ 8/45 500 70 48 9 8 3.3 3,5 5.0 18

29 IA1/45 600 60 57 8 8 3.0 4.0 * 1.5
30 142/45 600 80 62 8 8 2.9 4.6 5.0. 16
31 3/0/45 600- 6F- 69 11 7 3e6  3.1 * 1.8
32 10/45 600 70 52 10 8 3.4 4.1 * 1.5

33 1/13/45 700 e0 67 9 8 2.5 3e.4 1.2

SMon woro CC-Z. irognatod shorts
** Protoctivo ointzont appliod to neck

• Um proeoolod prior to ohubor expo-our

I I II I



51. General body surface. From Table III, it is evident that at a given
terperature, there w=s a progressive increase in severity of reaction with
increasing CT. Reactions below 10 were mild; any average over 2.0 rr.Dre-
sented a fairly severe generalized erythema. Fairly severe r jactions were
sustained at CT*200 at 30 0 b F. or at CT 200-300 (aepending o:,i season) at
900 Fo. however, at 70* F., even at CT 500 or 600, the reactions had not
attained this degree of generalized severity. It was not possible to
determine at what CT a severe generalized orythema would result from ex-
posure at the lower temperatures because of the severe reactions produced
on the genitalia and axillao at CT 600e The extreme difference in soevrity
of the burns on the general body surface was the most salient feature of the
contrast in results obtained by exposures at high as con~ared With low
temperaturos. The difference in reaction at 90' Fe as comparca with 700 F1,at compaiablo CTs is strikingly illustrated in Figuros 2 and 3, Plato Z and
Figure 4, Plate 3.

52. only limited data aro •-ailable for considering the effects of rola-tive humiditye 11k) •:•c,- botwvocn the resul~s at high and low RH was

marked at 85" Fe, CT Z0; 361. RE resulted in an• intensity of 0.6 as come-Pared with 1%•8 at 7?7• RE, Conf irmaLtory pictutres are *shown in Figures S-13p

Plato 6@ The 'same effect of RE was evident at 900AFe but *as not as pro-S novmccd. It is inter-esting to note that at ý- 3O00; thc results obtained.

at CIlow RH at 85" F. wore coMarable to thouo obtain6d at 700 F.; and theresults at high RH were comparable to th~so at 900 F., 37 RH. The oLf-
forenco between 4e%/ and 86% RH at CT 200, 80o F. was not appro~iahlo, nor
Swas it appreciable at 35% and 67% RH at OT 100, 1000 F.; however, the ro-
actions iere mild and the CT may have boon too low to illustrate the effect
of RH under these conditions. No tests were run in which RH 'was varied at
the lower temperatures (600 - 700 F.).

53. Tests have boon carrie'd ou in h the spring '' ' i bot the spri and' in the surmer at
the following CTs: 50, 100, 150, 200, and 250 at 0 F., 65% RH. It i6
evident from the results listed in Table III that, at and above CT 150,
there was'an appreciably greater severity of skin damage sustained insomr tests as compared with those porformed. in the spring.. The severe
genoralized erythemas oustained in the swmor tests at CT 250 are illus-
tratod in Figteros 6 and 7, Plato 4.

54. The nook. Under the conditions of the tests reported in this series,
a largo part of the nook was exosed directly to the H vapor with no in-
tervening clothing. In Table III' it can be seen that the trend in ro-
action with varying CT or temoraturo was identical Nith that of the gen-
eral body surface, but the nook reactions were one unit (or Moro) of in-
tonsity greater than the average reactions on the rest of the body for a
given set of conditions.

55. At 85* Fo, CT 300, high Ibidity (77%, RE) causedL much more severe
nook reactions than low (36% RH). the average intensities being 2.8 and
145 respectively. Variations in'hunidity did not cause pronounced dif-
ferences in the tests r=m at 80, g0o, and 100' p#

56. Vesication was observed on the mnecks of only six men in the entire
series; Four ýf those oocurord in so=inr tests (Tosts 13 a~d 16), one at
CT 500, 70- F., 4V- R (Test 28) And one at CT Zoo, ZOO F.e 65% RH (Test 14).

-.



' ~ 51. Subs•.::•nt j i.Ubation of the neck wa& usually darker than for the
other ý ý the body (except the axiliae), a fact which corrahE.:fd
vIel. with the observation that neck reactions were generally more intense
than those of the rest of the body.

58. As in the case of the general body surface, neck reactions were con-
Ssiderably more severe when tests at any given CT w*ere performed Ln the sm

mer tluhn when performed in the spring (Table III).

59. Axillaev In contrast to the pronounced'effect of toen, cst-ure on re-
actions of the neck and general body surfacer' tomperfiture of exposure diQ
not cxort'a marked effect on the severity of burns of the axillae. Thus$
at CT 300, comparable tests at 90' F. a6=6 70 F., oarried out on the same
day (Tests 17 and 23) showed that the severity'of axillary reactionb was
essentially the same in both tests. There was, however, in general, a
diffcrence in the appearance of axillarT reactions observed in mon exposed
at high temperatures (.900 F.) as compared with low (700 F). At the lower
temperatures, the orytheom began ii the central hairy area and with in- *
creasing CT inw1vod a larger area, finally including the Axillay folds,
upper medial arm, and i por lateral thorax (Figures 32, W5, Plato 9). At
the higher temperatures, most ofton this centr.al area was spared while the
more peripheral axilla and f6lds showed intense reactions if the CT were
sufficicntly high (Figurm 31., Plate 9). The above statements wore 'enerally
true, but it •ust be added that the typos of reactions which wero usuallýr
observed after exposure to the higher tenporaturos have'been also observed
in some individuals at lower tomperaturos. Furtormore, it is of interest
that at a low RH (370) at CT 300, even at 900 F.,the reactions in the
axillao resembled those usually occurring at the lower temperatures.

60. There was a pronounced difference in the severity of the axillary re-
actions sustained in the sl mer tests as compared kith the spring tests at
corresponding CTh at 90" F., 65% RH (Tests I and 2, 3 and 4, 7 and 8, 1Z
and 13 and 16 and 16). In the wuwr tests, the intensities vere an aver-
age ofl.5 units higher than in the spring tests (Table III)*

63. Occasionally, although rarely#, men have been observed who manifested
no axillary reaction even though other members of the gro* received
severe axillary burns (for example, Subject 504, Figure 5, Plate 3).

62. Vesication (i.e. actuwl bleb formation) has not been observed in the
axillae of the subjects in this series of tests. Following the more severe
burns (e.g. at CT 500-600)* the skin u=derwent maeoration followed by crust-
ing and ulceration of the axillary folds(Figure 360, Plate 10), Elevation
of the arm caused pain in such oases.

63. IAtonse pigmentation was conspicuoux in axillary reactions (Figures 32
and :3, Plato 9)e The mon woro not observed sufficiently long to determine
how long the pigntation persisted.

64. Scrotum and Penis. From the atandpoint of casualty production from
H vapor among men wearing gas masks, the scrotum and penis wore the most
vulnerable roeions of the body. In order to minimizo the ober of such
lesions in this series of tests, men wore lrtoctive shorts in most cases
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t ... • 41 nevorely affected.
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temperature, aii' R', ," s.+al "niic- Ez%-y.

6D. Since various degrees of scrotal eryt= are di;,Jt to %C d
accurately and since ciusted lesions are far more significant fror. a,
military point of viev, only the latter typo of injury TI611 be dizcussud.
With this in mind'. it is evident frcn Tables VI and VII Ja the Appendix
that there is considerable individual variation'in the vulncrability of
the scrotiz to K vapor up to CT7 400. At CT 2000 if the tests *at 90' F.
and 1000 F. are considered collectively (Tests 12; 1& and 14), it can bc
seen that six ou-b of twenty ran sustained crusted losions. Similar le-
siens weroe observed in erht of twenty-one nen exposed at CT 250, 90' F,
65% RH (Toets 15 and 16)ý Only one of ten men showed a crusted lesion
fron exposure at CT 300, 700 F'; and 800 F. (Tests 17 and 18); but the
rest of the men exposed to CT ;00 at m highor terperaturo all wore CC-2
iSpregnated shorts so that it is not known if this CT would have caused
a largar =zaber of casualties at a higher temperature (e.g. 90" F.) of
exposure. Crusted lesions occurred in two of six men exposed at CT 400
at 700 F.

66. In spite of a low t nperature of exposure, twenty-throc of twenty-four
men exposed to CT 500 an 600 (Tests 27' 28 and 30) sustained crustr• le-
sions. Because this grcip of casas is considered the most inportants' the
portinont data has been presented in Tablo IV.

67. The courso of the Icsions in these tronty-three cases showoe some
vari&tion but; in goncral, bmenty-four to forty-oight hours after oxpo-
sure, markod scrotal cryihema was prosont. Dry icaling a poared on about
the third day (Figure 19, Plato 7, and Figure 25, Plato 8) on the depen-
dent surface of the scrotum'. This scaling was followed by oozing and
crust formation, Ciustod losions were usually present by about the
fourth or fifth day, gradually increased in severity to a mexi=.= at about
the elovanth to whe sixteenth day and more healed by about the twenty-
seoond day after oxposure, Removal of the crusts revealed ulcers ihich
wore, in general' fairl shallow*

68. In none of the tosts described in this report was vesication (that is,
actual blob formation) observed on the scrotum or penis.

69. Ninetoon of the twonty-f our men l isted in Table IV developed losions
of tho penis and foreskin. Thqso lu -lly appeared lat~r than the scrotal
lesions (fifth to nineteenth days* average fourteenth), reached maxi==
severity about sevwnteenth to twentieth days and were healed by about the
twenty-sixth day. Those penile lesions most frequently involved the pro-
puce and the surface of the penis in contact with the scrotal lesions;
however, a few cases wore observed of independent lesions on th6 anterior
surface of the body of the penis. Preputial edema was frequent, bat in'no
cc•s' was severe eeough to hinder micturition.
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70. Illustrations of these penoscrotal lesions are presente& in Plates 6,
7 and 8 of the Appendix.

71. No treatment, except confinement to bed, was used. The course of
healing was uneventful, although slow; and no clinical symptoms of' infec-
tions wsre observed. Although the lesions were painful on contact, pain
was not a conspicuous feature while the men were at rest.

72. When healed, the scrotum presented a mottled appearance, being
* pale in the areas which had been ulcerated and'deeply pigmented in the

less severely injured areas (Figu-es 17 and 18, Plate 6). Scarring was
1'..y rarely observed since ;Whe lesions were usually superficial. (An

* •-W-tion to this generalization is shova in Figure 30, Plate 8.)

S(:) Special Tests.

S73. E~f -. on environmeital temperature immediately prior to chamber ex-
pos 7 (. ýc's ?4 and 25, Table III, Page 13). All of the five men Yho were
kept at a co.7J table room temperature for two hours prior to exposure Show-
ed intense goez. .. .zed erythema. Four of the men who had been preoooled
showed mild to x++• grate erythemi *hilo one at first showed on intense ery-
them;a however, _rter eight days, the orythomo. of this mmn had begun to
fade -whereas that ol" the controls remained intonsoe The contrast in pigmen-
tation at fourteen dxyi war very marked (Figure 35, Plate 10). In view of
the proviously noted L-CA1 effect of temperature of oxposhro on the sever-
ity of axillary burns, t b is particularly noteworthy that, in this test, the
severity of the axillar••r oactlon of the controls was 1.0 units highei than
that for the procoolod g:•. This difference appears to be closely related
to the differencos found r.% A'u:illary burns in the summer as compared with
the spring series of tosts, it is obvious that procooling resulted in mach
loss severe reactions oven Ythcn the mon woro exposed simultaneously to M
very effective CT at 900 Fo, B E.

TABLE IV

Crusted Loalu= of Sorotum and Ponis *

T ost No. 27

V)0 CT
Tmc-xrraturo 600 F.

Relative Humidity 60%

SCROTUM PENIS
MOO-ciMaxi[-zm

Subject Start Severity Healed Start Severity Healed

494 4 4-17 Mild 21
495 4 17-18 Mod 20 17 18 Mild 20
496 4 I1-17 Sov 28 18- 18-2Z Mod 26
497• 5 S Mild 20
498 NCNE
499 6 11-15 Mod 21 18 18-21 Mild 21
800 4 8-16 Mod 2&
801 10-19 Bev 24 19 21.24 Bev 30

*Figuros represent ==nbar of days attot Ohombar exposura.
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TABLE IV (Continued)

-Crusted Lesions S-tV-r =1Penis*

Test No. 2a
500 CT

Tenperaturo 700 F
Relative Eunidity 48

%frROT= P2EIS
4%Xi=n MaxiLmum

Subct Start Sori Eealed Start Severity_ Eooaled

4a6 5 8-17 Sev 23 8 17-2a Sev 32
487 2 8-15 Soy 23 16 18 Sev 2G
488 14 19 Mod 23 14 14-22 Mod 32
489 4 21 Mcd 25 21 Sev 27
490 5 10-16 Mod 19 16 17-20 Soy 28
491 5 8-18 Sev 28 17 17-24 Sev 28492 6 8-16 Soy 21 1.9 2D-21 Mild 2493 4 9 Mod 224 19 19-20 Mild 23

Test No. 30
600 CT

Temporaturo 60* F,
Relative Humidity 62%

SCROTUM PENIS
Maxlx= axi

Subject Start So.-ority Healed Start Seovority Healed

518 6 14 Mod .0 6 14-17 Sov 27
519 4 10-15 Sov 19 6 15-19 Mod 25
520 4 5-14 Sov 16 6 7-13 Mod. 16
621 4 12-15 Sov 24 10 13-21 Sor 27
522 4 11-15 GeV 19 5 16-20 Mod 26
523 .5 15-16 Soy 28 17 19-20 Mild 2T
524 5 12-16 Soy 21 14 17-21 Mod 2'7
525 6 16 Bov y 2

Figures represent numbor of days a$tor charbor exposure.

74. Use of aluminim chloride. The yo•gets of this test (Test 28), in
which the left axillae of the mn wero" toatod with aluminum cblorido prior
to oxpomu1o to H vapor, are prosentod in Tablo V and typical cases are 11-
lustrated in Figures 37, 38 and 39m Plto 11. It is ovident that protreat-
mnt, with aluminum chlorida, in most cases, resulted, not only in less in-
tense reactions to H vapor, but also iii roaqtions involving m lessor arem.
Consideration of both area and intonsity is 'osaontial to best appreciate
the effect of alumintm chloride on the moactions.
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TABLE V

Effect pf Pretreatr-ent of Axil im with Aluminum Chloride

(Test No. 28 - H at CT 500; 70 F., 48V RE)
Picture

Sub- in
ject Intensity Area Involved A pn0rix

Right Left
(Control) (Treated)

486 Erythe-m with edema Moderate orythcm= Much less on loft Fig. 37
Maceration
Crusting

487 Intense erythema Intense erythama No appreciable
difference

488 Moderato erylhema Mild erythema Much loss on left

489 Erythema with edema Intense erythoma Much loss on left Fig. 39
Maceration
Crusting

490 Erythema with odema Eythvioma with edema Slightly less on
left

491 Intense orythoma Mild erythoma Slightly less on I
left

49Z Erythema with odema Intense erythema Much less on loft Fig. 3S

493 Intemze orythoma Moderato orythema Slightly losa on
left

75. Use of lanolin. Application of lamolin immediately pi'ior to enter-
ing thb chamber to several areas of the skin of 3ien exposed to H vwpor at
CT 500; 700 F., 48% W H (no generalized sweating); (Test 28), or at CT 300,
900 F., 65 RH (teneralizod sweating), (Test 24), neither increased nor do-
creased the intensity of reactions@

76. Artificial wettiný of the ahi. The right half of the body, covered
by the dry skivvy shirt, showed no significant rozatioa excot in the
axillao of two of the six men. Conversely, on the left sides the skin
subjacent to tto wet skivvy shirt was obviously Lore severely affoct6d
in the axillae, oxillary folds, upper iwdial arm# and latera.l thorax, in

ohich areas the mon all sustained intense erythenas. The thorax on this
aide showed a very mild orythema which faded in a few days. It is prob-
able that the wet shirt interfered with H vapor penetration to the thorax
whereas the open end of the dhort-length skivvy shirt sleeve permitted
ready access after it had passed through the dry cutoe denin shirt sleeve.
That artificial wetting of the skin did enhance the reaction is wellJ shoe
in Figure 34, Plato 10o
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* (4)Total Djanero mdcx.

77. The corrected total dar•ge indices givon in Table VIII are presented

grmphicallv in Plate 140 in which total dr.zuge iJidex is plotted against
CT for the various tests performed* TVh indices, corrected for the area
covered by the protective aborts, were used to permit comcarison of a
larger mnmber of tests* It can be seen that for my given terperature,
there is a rroegressive increase in total d=nage index with increase in
CT. Higher t cratu-ros of exposure result in m higher totol damage in-
dex th• loer ones at any given CT, It was found that correction of

the data for the arao. covered by the protective shorts lowered the
points very litl. and did =ot ippreci.bly change the slope of the curves.

78. It may also be noted in Plate 14 that the indics for the sun-ter
series of tests at 90Q F. are concist'ntly %Ugher thn those for the
spring series at the seo temperature, a fact vhich correlCtes with the
proviour!y mentioned descriptive differences in paragraph 53,

79. In Pfate 15, total damage index is plotted against temperature.
At CT 200, there is relativoly little change in the t6tal damage index
from 70* F. to 800 F., whereas from 60* F. to 100* F,, there is a. alarp
A.so* ThM curve for '0T 300 parallels that for CT 200. Several points
at 60' Fe to 700 F. are included for Cr 500 and CT 600 and can be seen
to lie well above tho e for- C!s 300 and 300. It may be inferred that
even at these loner temperatures, severe goeoralized crythcma mny occur
.if the CT is sufficiently higho

80. In Plato 15', it may also be seen that there is a. manrked differenoe

in the points for high and low humicdity at CT 300 at 850 Fe The point
for the law humidity at CT 300 lies aon the c.rve for CT 200.' There is u
similar differonco for the high and low humidities at 903 Fp,' but the
effect is not as markods

(5) Percentage of Exposed Area, Affected.I
81, In Plate 160 the percentage of exposod area which sustainod a moderip
ato ory•theom or wrse is plotted as ordinate against CT as abscissa; =ud
in Plate 17, the saw ordinate is plotted against temperature, These

curves are similar to those for the total daoage indices (Piatos 14 and
16). Tho •sharLse of the curves = Plate 17 &boveo 80 Fo, showinga
great incroaso in the area involvod; is, indeed, rpeotacular and corro-
lates very wall with visual impressious*

B. Sweat Tests.

82e The reosults nf the sweat tests are illustrat~d in Figures 40 - 51,
Plates 12 and 13, and are sararized in Table II* An cppreciable =aount
of sweating vus evident in the axillre and geLital regions of moet of the
men even at ths% lower temperatures. Even from this semi.-quantitative test,
it was evident chat there vas considerable individual variation in the
.avwut and distributloA of wme&ting. Sweating vms'zinimal over the general
body sirface at 1'0T F., 61% RH, and 79* F., 865 RP, and profuse at 90 F,,
SBIL, and 970 F.o 42% . At 85° F,, the effect of M was marked. TM
men exposed at % showed miniml swatIng wheroas thore at 75% RH showed
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a- noderate zo==t at is evident in the photographze Thus, a~t this ten-=ý

peratiures variation in RH had a marked effect on the anount of sweatr

Part III D=. DSLSIOI. 1

A# Corrolat'Lon. of Skin-Sus~captibility to EI V~apo -Wit'h sweamtinr.I

83. It ha-s bean repeatedly obsorvoc3J in reports by mnany invest!igvtors
that sworating men (whethcr sweating is iznduced 'by high t ecratur.-s or4
exorcise) are =uch noer suzceptible to the, ski.A eff~ects*of 9 v-por than
nono-n-mti-ag nn, Noe mpocrt has been observed, hwiz which seniat..
tests li:xo bean porformod udrthe sa=e conditvionz Ms the, E- vapcr P.Y-
posuros In an. attcent to arrive at a =reroexat t rtnigof tli-s
facto

84. The istarc-lodino nothod of d c 7 =t r a-ti n.g, uwatin.Z hc.a bee~n in c-
non clinical use for n=eny yc~arso It offers an excellen)-t aLpow:y to
detA~rnin ilhnther or not an 'area is actlvoly swortingo Inaer.nible per-
apiration is n~jt sufficiont; apparenntly, to give a~ po,4tivD rcaeCt-lon#
With regard to tho cLbuotute amount of sweat vecroted. in a givenl arrca,
this method is* at best; sonIquantitativoo IXt =ust be er.phzzizad that4

tho intennity of color observed is inafluencod~by tho lateral Bpr'oad of
Pmoat Laitcr it loaves the poros. Theoretically, tht~ro is a, =.11. ra';7mo
in which the snourt iof sweat screted rnald be propor-tiornlto th3 colcr
ficicntly profuse to roaxinally darken the areao The ra-to at vihieh sweant
evaporates fron the skiA surfmce probably nodifios tho resultis so:eri1 ýt.
Thus, at low hunidiUtics' the rapid evaporation of s-vrort mifgt tond to
give readings of lwowr Intenslity. In spite of its itmitationz, tho
method has praed very usoful and correlates well with rnro quant-it.stive
Rtudiios by other workers in whioh water vap~r was collected,. and. weighed.

85. it Le generally aoc~metd thant, telow a .'ry bulb ter-eraturo of 85-870
F9, most lightly cl othe uoreo4ni; =n ihoir active glaxrdular Ow-eat secre -tion only 'the palms, solo8, axillaoo, and gonital regions. The na-in
body srfacaf* vndor the so amzditions; shows only m. rolativoly szsall water
vapor~ loss' prosvnnbly by diroot evaporation throuGh Vio ckti2 (insensiblo
perapiration.)e Above 8547* F90 most individuals shmw Coneralizod active
sewat secreti~on over the ointtre body vurface, The tcorVaraturo at which
goneralized. sweating begins t.o lowered by oxoroiso and by wearinig hoavy
clothin.g. Winslow and Gakwr fouxnd that this threshold was lorer for ox-
ercising nnn in the mr~r than f~r exercininr, mon in the ifinter (A&nerican
Jplrnal of Phynriolco 1341: 6/xvZ81, 1.9411)o This fact =ay be related, to
the dif'OZeronco in results of H vnapor expoaures in spring an cowparcd with

sL=-to H

vapr wa osorod,' Tis as elldemnztate whi mn wraexposed
at CT 400 at 706F, 6ej- R cd at CT =O at 90* Fo, 61EZAn I the
former case, intense arythoma was oonfinxd to the axillao, vheroea th4
rest of ths skin eowod only rl. i~nl off octs (non worep rote ct iv-6 shorts).
In the latter case,' the men ishowed inteonse generalized orythci~, even
though the CT of exposure was a~ctually lower (Fig~iros 2 and 3, Plata~
2). The excellent correlation~ of thvso results with the oxtont of sweat-.



InS of the areas involved in aeen readily by comparison with .h illus-
tration= of the sweat tosts. 3n Figures 40 and 41, Plate 12, it is ap-
parent that at 70* to', . RE, the mon wer6 sweating only in the axillae

eand genitol rediens, and Fi9Q us 44 i 45, Plate 12 show that generalizod
wreating occurred at 900 Fe, M H

P 87. Since 85' F. is approxinately thb tamperature above which resting
mr'n begin t6 show tenoralized sweating, it was felt that this would be the
optinz torcrature at which to study the iufluence of rolative humidity

Son the artive secretion of Lweat and 6n tl3 offects of exposure to H
vapor Swvat teosts at'850 F., 361 RH. gave results similar to those at
708 F., 51% Rfl ma oly, "swatinC confined to the axillao and g nital re-
gions (Figures 46 to 49, Plato 13); whereas at 85* F., 7%o RE, the ilenshowed moderate roneraliz6d sweating thich opproo~hod that at 900 F.,

62% RE (Figures 50 end 51, Plate 13)e Similarly, tests with H vapor
at CT 300, 85' F., 365 and 77. RH, rhowed an appreciably greater inton.
sity of orythemo at the highor RH (Figures 8 to 13; Plato 5). Since the
sweatig threshold varies from man to man, it can be expected that at

• 851 Fe; there' would be considerable individual varation in sweating.

evehheloss, it is evident that elevation of humidity at this tompera-
ture, vidch does inoreaso the wetness of the skin, also increases the
intensity of roactioF to H vapor. It is of interest that the results
with the lower RH at 85* F. were similar to those reactions at r. low
temperature (70" F.)# whereas those at the higher RH wore similar to
those at 90* F.

88. Definite as is the offeot of sweating in Increasing the suscepti-

"bility of the skin to H vapor; it n•y be modified by difteronces in re-
gional susooptibility. For exapleo, the palm= and soles, which are
snating at the lower temperatures omployod and wore certainly sweating

-at the higher temperaturoes are very resistant to H vapor. The solos
wore probably protected by the shoos. The skin of the uprotected palms
Sis in itself more resistart thoi the skn of the rest of the body? Cor.
versoly, starch-iodlz6 tests on tho genital region reveal few or no
sweat pores on the scrotum itself, although the adjacent'inguinaL, publo,
ond porinoal skin is richly provided with thenj and yet; the sorotal
skin is the most suscoptiblo skin to H vapor. It is felt that tbeso ex-
ceptions in no way vitiate the thesis on the effeot of sweating on the
susceptibility to H vapor of the skin of the rest of the body surface

r but morely emphasize the irortanco of the primary differences in
regional susceptibility.

B. The "Radiator" Effect.

89. It was mentioned in NRL Report P,,22.9 that "in general, exposures
in the large chamber produco reactions which are approximatoly twice as
severe as thoso produced in Vr. 'arm chamberl at the sane'CT". In "arm
chamber" exposures only the forearm•mns exposod at 90" F.e 65% RH whore-
oat the remainder of the body is at 70-80 F. 20-3a/ aH. In large
ohamber exposures the %hole body is oxposed to 90' Fe: 651% RH. Expori-
nents in vhich the arm was exposed at 90* Fes 65. RE in the am chamber
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and the room was also mantained at 90" Fo, 656%o RH, yielded results
'hich approached those of the large chnmber in severity. At this
time it was stated that the rest of the body !is capable of functieon
ing as a t radiator t and thus succeeds in altering the reactivity of the
exposed surfaces and reduces the severity of the reaction" when the
body is at a omfortable room temperature (70.80* F.).

90. From the present caries o tests it is evi3nt that the "radiator"
effect'is due to the fact that at 90* F., 65. RH, genaralized sweatiný
occurs, whereas at'70-800 F, it probably does not (or is mild). Thus,
in the former case, the oxposed foreamms would'bo sweating, but not in
the latter. Exposing the whole boAy at 900 F., 651 RH causes genoralized
sweating and, umcer this condition, the forearm in the =rm choamber reacts
zora as it does in the large chambor (at 900 F. 65% RH),

OC Casualty Production.

91. The wM and ofton ambiguous connotations of the word "casualty"
make a discussion of "casualty production" difficult. For the purpose
of this re ort, a man who is unable to carry on •is complete duties as
a result o exposure to a, chomlcal warfare agent, would be a "casualty.
In geoneral casualties from H vapor are produced in two ways which may
be observed independently or in omrbination:

1) Systemic Effects
2) Local Effects'

92.' Systemic Effects. Under the conditions of the tests included In
this report, enod of the men showed uq systemic effects, Ne malaiso,
nausoa, V•iting; boadache or shock wro, observed oven in the =on with
sovoro gonoraiized orythemna However, it mst be omph~sized tUat, for
the most part, the men wore living mulor temperate conditions before and
after oxposure and were loading a. rather sedentary eocstoncee The
Australian. Invstigators, on the other hand, in COD 9 (Australla), Re-
port No. 55, dated 18 October 194-4; have obsorveq. a relatively large
mubeb of non shoring systemic effects aftor oxpocrg to H vapor at
MTs of 50 to 750. Thoy omphasizo that their toots were performod uin-
dor tropical oonditioiw and regard cli•ato as an vortan~ t faotorp

93@ Sinoo many of the sy•toms which. are desosrbod in the litera."
ture as systemic effeqrs of H vapor maj also be observod following sun-
burn, thermal burns or heat exhaustion, and sAnpe many of these syMptoms
may have a strong psrhio or suggestive basis, thoir ascription to H
vnpor is often quostio~zbloe

94. Local Effects. In this series of tests, the local reactions
most likoly to be casualty producing were observed in the a.xillaeo and
cn the genitalia, Even the worst axillary reactions could hardly be
called "casualty Foduoiig"o Pain on elevation of the a=m wws present
in the more severe oases, but was tevor of such a dogroe as to hinder
a man sinificantly under the stress of combat. This pain might be
sufficient to lowor morcle during routine activities*

I
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&5. ny of the pnoscrotal reactions observed in this series of tests were

severe; and whii') not rendering a man UnablO to take part in emergency

defesivo combat, vould definitely have hindered offensive operations@

Although these penoscrotal lesions reached a casualty producing degree

only aft-er several days, it %mst be recognized that the men wore kept

at bed j•est. Had they been forced to march and carry on regular military

routino, it is likely that the losions would have developed sooner and

becoe m=uch moro severe,

96, S6mo men suffored from generalized itching, especially in hot

weathor, but this was not of casualty producing magnitude.
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&JJIMARY MUD CONCLUS I0M

1s Basic tests, that is, tests with H vtpor on men werinj ordinary
clothiing aAd wiproteotod except for mcwks &And, in some cases. protoc-
tiveshortc, have boon porforzmod wider the following exposure conditions:

Temp. RelativeITim of Year F: R~idity 5X CT
*Jan.l1945 100 Z5and 65 100
Jaon 1945 100 65 200
mar. - 4pr. 1944 00 65 60 to 250 (300*)
July 1944 so 65 -0 Sto 250
Novo I a44 s0 65 (300*)
Meb 1945 85 36 and 75 (300*)

JYane 1945 60 45 and 85 200
jano 1045 no 865 300.
Nov. 1944-Jau. 1945 70 56 200 to 500 (600*)
Vans 1945 60 55 500 to 600 (600-.700.)

*CC-2 Impregnated shorts worn, during exposure to H vapor

2. The system of taking readings and recording data in use at this
Laboratory is described. It was found that iwbon. the temperature of ex-
posure was varied1 the method of taking the maximii, severity of skin re..
.action; regardless of what body region was involved* as the index of re-
action to that CT; vas 220 1onter applicable. The data from these tests
has beon evaluated and discussed in several different iwayst (1) desc.ip-
tion; (2) total dtimage indox, in which regional intensity readings are
weighted on the basis of the amout of skinu area involved; end (3) the
percentage of skin aarea exposed Lahowidng moderate orjibherm or worse.

3. The sever5.ty, type and looat~onx of burns due to R vapor at a..
given CT are influonoed'markedly b- the temperature of exposure., It
low temporaturee ýS0O Fe or below)#' the burns ame 1ocalited ozdar
limited inninly to the axiline and genitalia* Athihtzraue
(90* F. or above)' the burns art generalized and coermotrof th 0oy
The differences in reaotis~an at high and low temperatures# as regards
the area of ukin Involved,, is nicely depioted by the total damage in-
dices and peroontages of skin area showing moderate arythona or worse,

4. Fr= I vapor exposures at 900 F. and CT 250 and 1000 F =naCT 200,
intense generalized erythena was observed over most of the body, -with
scrotal reacotions somrhat mOor seve&-Ie. At 70* Fe and CT 500 and 66* re
and 600 CT, only modorate erythoma, was Ir oduced an. mo st of the body, but
maceration and. mild~ crusting were produced in the axillaes' and severe ulcer-
ated and crusted lesions occurred on the genitalia.,-

all IAl contrast to the pronounoed effect of teMperature on react ions
of the neck and general'body surface, temperature of exposure did not exekt
a. markoa effect o= the severity of burns of the nxillae. Temperature, did,
however, influence the configuration of axillary burns. Burns occurring at
Umw temvoratures Involved primarily the central axilla; those at high tern-
peratures usually spared the central axilla and affected the more peripheral

axillary folds.
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6s The effect of the relative humidity durinmr exposure on the vesicant
power of H vapor on clothed' resting men waw pronounced at 85* F. which is
near the average temporaturo throshold, for genoralizod sweating. The same
effect of RH was evident at 900 Fe but was W.t as prortouncede

7o Tests at CTs 1500 200 and 250 at 90* For 65% F11 resulted in appre-
ciably more severe reactions when carried out in sigr than when performed
in the spring.

8. Exposure to H vapor at CTs above 500s even under teierate conditions
of exposura (60-700 F.). and izmder te•aperate living conditions produced
c:msted and ulcerated lesions of thf, scrotum cnd penis in 23 out of 24 un-
protected men. These crusted lesiona appeared at three (3) to five(5) days
and required three (3) to four (4) weeks to heal in men at bed rest. Crust-
ed lesions of the penis were lens frequent and were slower to appoar, the
avorage beoing 14 days after exposure. C0-2 irregnated ahorts ompletely
protected against genital injuries.

9. Preoooling' men prior to ohameer exposure markedly timinished the
severity of the skin reactions froa H vapor* This may be one of tho factors
causing less severe burns in spring tests than in ver tests.

I0. Suppression of axill'ry swoating by'pretreatment of the axilla with
aluinum ohloride resulted$ in most cases, in not' only loss intense reactions
to H vapor; but also in reactions involving a lesser area.

nl. Application of lanolIA to the skin* shoetly before chamber exposure
to effective CTs of H vapor; neither incroased nor decreased the intensity
of the reactions of sweating or mom-sweating mon.

12. Wotting of the skin with artificial swmat resulted in increasoed sever-
Ity of reaction to H vapor.

13. Tests (starc-imiodino method) carried out to' detornine weating of
the different body areas undor'the same conditions as the H vapor oexosuroe
shmed a close correlation between the exont of sweating and the severity
of H burns produced on the samo areas* At low tmoraturts (700 Fe), active
sweat secretion was confined. to the palms; solos6 axillae, and genital re.
giont with the exception of the pains and solos, tAese were the areas most
affected by H vapor. At high tomporatuires (90* F.). both sweating =&,H
vapor burns were generalized* The threshold temporaturo for generalized
mwating and su3ooptibility to H vaor' for most of the body occurred between
80* and 90* Fe for lightly clothed, resting men.
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APPENDIX B
Calculation of the Total Damage Index

The following is the method used in calculating the total
damage index, using Test No.9 as an example:

It will be seen from Table VII (Test No. 9) that out of seven
(7) men, three (3) sustained a mild erythema of the neck (numerical
value=: ), two (2) sustained a moderate erythema (numerical value-
2) and two (2) sustained no burn. On a numerical basis for the
group, therefore, the average is 1.0 (3 X I + 2xM' 1.0). On the
axillae, one (1) had no burn (-o), four (4had mild erythema
(4Xl: 4) and two (2) had severe erythema (2X3: 6) giving an average
of 1.4 (&4, 10; 7% 1.4). The method is continued until averages
for all areas involved are obtained.

The average intensities are then multiplied by the "area factors"
given in Table I. Thus, for the neck, the intensity times the "area
factor" is 1.0 X 2.4i 2.4, for the axillae, 1.4 X 2.8=-3.9 etc.
These values (the damage indices for each area) are listed in Table
VIII. The sum of the prodtucts, then, gives the total damage index
for ,any one test.

APPENDIX C
Calculation of the Percentage of Exposed Area Affected

The following is the method used in calculating the percentage
of exposed area affected, using Test No. 9 as an example:

It will be seen from Table VII (Test No. 9) that only two (2)
out of seven (7) men sustained burns of the neck of moderate erythema
or worse. The two (2) is multiplied by the "area factor" given in
Table I to give a value of 4.8. Similarly for the axillae 2 X 2.8- z:
5.6, for the shoulder 1 X 5.9= 5.9, etc. Those values are listed in
Table IX. The sum of these vhlues, then, gives the total area /
involved for the group, which, divided by the number of men in the
group gives the average percentage of area involved per mon.
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